Previous studies have shown that the Archean basement is widely distributed throughout the Yangtze craton. To date, however, Archean basement terrains have not been found, except for a few Kongling high-grade metamorphic terrains in the Huangling dome that have been confirmed to be of Archean age. To further understand the basement component and crustal evolution of the Yangtze craton, we carried out a petrological, geochronological and geochemical study of the Jinshan K-feldspar granite emplaced within the Yangpo Group, located in Huji Town, Zhongxiang City, Hubei Province. Results indicate that the zircon SHRIMP U-Pb age of the Jinshan granite is 2655±9 Ma, placing it within the middle Neoarchean. Chemically, this pluton yields abundant silica and alkalis and is depleted in Ca, Mg and Ti. Furthermore, it is enriched in Rb, Th, Ga, Y and Zr, depleted in Sr, Ba, Nb and Ta, and especially lacking in Eu. High ratios of FeO*/MgO (32.0 to 58.7) and 10 4 ×Ga/Al (3.19 to 3.41) were also found. The pluton exhibits characteristics typical of A-type granites with crustal source magmas. Moreover, the meta-sedimentary rock association of the Yangpo Group, into which the pluton intruded, clearly shows relatively stable depositional environments of a shallow shelf sequence. Therefore, before the middle Neoarchean, the Yangtze craton contained mature continental crust. This breakthrough discovery opens a new window on the study of the formation and evolution of the Yangtze craton basement. 
Since 2000, studies on the basement evolution of the Kongling terrain in the Yangtze craton have advanced our knowledge considerably [1] [2] [3] [4] [5] [6] [7] [8] [9] . However, there are few very old rock outcrops exposed in the region. To overcome this difficulty, Zhang et al. [10] carried out U-Pb dating and Hf isotope research on Neoproterozoic clastic zircons, Bai et al. [11] evaluated whole-rock Nd isotopic tracers in Proterozoic and Paleozoic sedimentary rocks, and Zheng et al. [12] conducted U-Pb dating of xenocrystic zircons brought to the surface in lamproite diatremes. These studies collectively demonstrated that the Yangtze craton contains widely distributed Archean crystalline basement. However, Archean outcrops are reported only rarely from other parts of the Yangtze craton, except for the Kongling terrain, in which highly metamorphosed Archean rocks have been confirmed [2, 7, 8] .
Previously the Hubei Institute of Geological Survey regarded a K-granite pluton in the Yangpo Group of the Huji region as Neoproterozoic in age, comparable to the Huashanguan K-granite in the Lingkuang region and the Quanqitang K-granite in the northern Huangling anticline [13] . Nonetheless, current research indicates that the age of the Quanqitang pluton is 1854 Ma [3, 8, 14] , and the age of the Huanshanguan pluton is 1851 Ma [15] . Hence, both of these plutons are middle-late Paleoproterozic in age, and they share the same tectonic setting associated with rifting of the Columbia supercontinent during the Paleoproterozic.
Thus, it is still unresolved as to whether the Jianshan K-granite in the Huji region of Hubei Province has the same or similar age and tectonic setting to the Huashanguan and Quanqitang plutons. Herein, we report on the isotopic geochronology, petrology and geochemistry of the Jinshan K-granite emplaced in the Yangpo Group of the Huji region.
Results shed light on the formation and early evolution of the Yangtze craton.
Geological setting and sampling
The Yangpo Group outcrop area extends along a northweststriking narrow belt (Fangmashan-Yangjiapo), over an area of about 8 km 2 in the Huji region of Zhongxiang City, along the west bank of the Hanshui River in the interior of the Yangtze Block. This depositional sequence is overlain by tillite of the Nantuo Formation of the Nanhua System to the west, and covered by Quaternary sediments to the east. The Yangpo Group has been intruded by K-granites in its northern and southern reaches. Therefore, the Yangpo sequence is considered to constitute the basement rocks of the Yangpo horst in the Zhongxiang fault-rift [16] (Figure 1(b) ). However, the Yangpo Group is not exposed in its entirety, since its base was intruded and therefore obscured by the K-granite pluton.
Yangpo rocks are mainly composed of mica schists, granulite, quartzite and quartzose wackestone, with a few amphibolite intercalations [16] . These observations suggest that the protolith was a shallow marine shelf sedimentary sequence deposited in a relatively stable tectonic setting. Geologic mapping indicates that the K-granites emplaced within the Yangpo Group are mainly stocks or apophyses, with the largest stock (about 3 km 2 ) located in Jinshan to Wangji Village areas of Huji Town (Figure 1(b) ). Macroscopically the oriented biotites impart a bedded appearance or zebra structure to the granites.
Samples for this study were collected from west of Jinshan Village (DHS16-1, -3, -5) and south of Wangji Village (DHS16-2, -4, -6, -7) in Huji Town. The GPS coordinates of the two localities are 31°27′21″N, 112°15′56″E, and 31°28′26″N, 112°14′46″E, respectively.
The samples are purplish red in color with coarse-grained porphyritic textures. Major minerals are K-feldspar (30%-45%), plagioclase (20%-35%), quartz (20%-25%), and biotite (<3%). Ilmenite, apatite and zircon are the main accessory minerals (<1%). K-feldspars (ca. 5 mm in diameter) are mainly orthoclase with minor perthite and microcline. They are granular in shape, and irregularly intercalated with plagioclase. Some large grains generally contain quartz and plagioclase micro-crystals. Plagioclases are mainly oligoclase and albites typified by regular tabular crystals and development of multiple twinning, and some grains contain quartz micro-crystals. Quartz occurs as subhedral to anhedral crystals of 0.5-1 mm diameter that irregularly fill the gaps between feldspars. Some quartz crystals show wavy extinction.
Analytical methods
Whole-rock major elements were analyzed by X-ray fluorescence (XRF) using glass disks at the Southwest Monitoring Center of Geological and Mineral Resources, Ministry of Land and Resources, PRC. The FeO contents were determined using a wet chemical method. Analysis of international standards (BCR-2, GSR-1 and GSR-3) indicated that both analytical precision and accuracy were better than 5%. Whole-rock trace elements were analyzed at the State Key Laboratory of Geological Processes and Mineral Resources, China University of Geosciences. About 50 mg of powdered sample was digested by HF+HNO 3 in Teflon bombs and analyzed with an Agilent 7500a ICP-MS. The analytical precision was better than 5% for elements with concentrations greater than 10 ppm, and less than 10% for those with concentrations less than 10 ppm. A total of seven samples from the Jinshan granite were selected for wholerock major and trace element analysis. Results are listed in Table 1 .
Zircon crystals from samples DHS16-1 were separated by standard techniques (i.e. heavy liquid and magnetic separation). Then, transparent zircon grains were selected using a binocular microscope. The representative grains, together with standard zircon TEMORA 1 (417 Ma), were mounted in an epoxy resin mount and polished until the crystal cores were exposed. The polished mounts were documented and photographed under transmitted and reflected light and cathodoluminescence (CL). Operating conditions for CL imaging were 15 kV and 4 nA. Typical CL images were obtained to characterize each grain in terms of size, growth morphology and internal structure, and used to guide analytical spot selection for U-Pb dating. Then, the mounts were vacuum-coated with a layer of gold. The U, Th and Pb isotope compositions were analyzed using SHRIMP II at Beijing Ion Microprobe Analysis Center, Chinese Academy of Geological Sciences, following the procedures described by [17] .
U-Th-Pb ratios were determined relative to the TEMROA zircon standard, and the U and Th absolute abundances were analyzed relative to the SL13 zircon standard. Table 2 .
Results

Whole-rock major and trace elements
In general, the samples had high SiO 2 contents, ranging from 76.82% to 77.91%, and high alkali contents, specifically with K 2 O of 5.22%-5.58% and Na 2 O of 2.26%-2.72%. The samples were similar in composition to A 2 -type granites [18] [19] [20] , with low Fe 2 O 3 (2.08%-2.62%), CaO (0.10%-0.24%), MgO (0.040%-0.077%), TiO 2 (0.25%-0.30%), and P 2 O 5 (0.025%-0.046%) contents (Table 1) , and a high FeO T /MgO ratio (32-58). The studied samples were plotted in the field of alkaline rocks in the AR vs. SiO 2 diagram (not shown). Their Al 2 O 3 contents were between 10.43% and 11.18%, exhibiting an aluminous feature (A/KNC = 1.05-1.08). Their differentiation index was high (DI of 94.7-96.0), and they exhibited low Fe, Mg, Ti and P. These observations indicate that the magma underwent a high degree of differentiation.
In the primitive mantle-normalized [21] spider diagram ( Figure 2(a) ), all samples show characteristic negative anomalies of Ba, Nb, Ta, Sr, P, Eu and Ti. The negative Ba, Sr and Eu anomalies may be associated with residual plagioclase in the magma source, whereas the negative P and Ti anomalies are likely to be attributed to residual apatite. At the same time, all samples show positive anomalies of HFSE (Zr, Hf, Y) and LILE (Rb, U, Th, La), and the 10 4 × Ga/Al ratio of all samples varied from 3.19 to 3.41 (>2.6). These observations collectively indicate typical geochemical characteristics of A-type granites [22] .
Compared with typical I-type granites, all the samples exhibited high REE contents, relatively high enrichment of the light rare earth elements (LREEs) ([La/Yb] N ratios of 4.20 to 9.42]), flat HREE patterns and strongly negative Eu anomalies, and some samples showed weak positive or negative Ce anomalies (Figure 2(b) ). Moreover, samples DHS16-2, -4, -6, -7 were distinctly rich in LREE. DHS16-7, in particular, was not only rich in LREE, but also in HREE. The ∑REE was as high as 785.99 ppm. However, all samples had the same or similar curve shape in primitive mantle-normalized spider diagrams and chondrite-normalized REE patterns (Figure 2 ), which suggest that they had the same magma source.
Zircon U-Pb SHRIMP age
Zircon grains recovered from sample DHS16-1 were euhedral and prismatic (80-200 μm), with aspect ratios of 1.5:1 to 3:1. Most of them were transparent and light rose in color. As shown in Figure 3 , simple internal oscillatory zoning was common and no inherited cores were observed. Nonetheless, some grains displayed corrosion pores (i.e. 6.1, 7.1, 12.1, 13.1), which suggest that the pluton experienced hot events. The fact that the Th/U ratio of zircon 9.1 was as low as 0.09 provides further evidence for these hot events. A total of 14 U-Pb spots were analyzed on 14 zircon grains ( Table 2 ). All the spots had moderate concentrations of U (82-150 ppm) and Th (31-84 ppm) with high Th/U ratios of 0.39-0.66 (Table 2) , except for 9.1, which was consistent with a magmatic origin. They were concordant or slightly discordant, yielding a discordia plot with an upper intercept age of 2650±10 Ma (MSWD=1.3, n=14) ( Figure  4(a) ). Except for spots 1.1 and 9.1, which showed lead loss, the remaining spots of the sample had coherent 207 Pb/ 206 Pb ages of 2606±16 to 2674±9 Ma. These coherent ages yielded a weighted average of 2655±9 Ma (MSWD=1.8, n=12) (Figure 4(b) ), consistent with an upper intercept age within analytical uncertainties. These results verify that the Kgranite plutons emplaced within the Yangpo Group are Neoarchean in age, not Paleoproterozoic as originally inferred from previous research.
Discussion
A-type affinity of the Jinshan granite
Our preliminary study confirms that the Jinshan granite is an A-type granite. In fact, the term "A-type" granite describes a geochemical division of granites that are somewhat "alkaline", "anhydrous" and "anorogenic". Some A-type granites have index minerals, such as anhedral alkaline dark-colored minerals, fluorite, or thorium-rich zircon, but some metaluminous, even peraluminous granites without alkaline dark-colored minerals also could be A-type granites. Further studies have demonstrated that the A-type granites are compositionally diverse [19, 23, 24] . Therefore at present, discrimination of an A-type granite mainly relies on rock geochemistry diagrams. (Figure 5 ), they all plot into the field of A-type granites. The Jinshan granite can easily be discriminated from S-type granites because the latter have much higher P 2 O 5 contents, and are always peraluminous [24] . Compared with highly evolved I-type granites at the same SiO 2 level, the Jinshan granite is comparatively enriched in Zr, Nb, Y, Ce and Ga. In Rb/Nb vs. Y/Nb and YNd-Ce geochemical discriminating diagrams [18] , the samples from the Jinshan granite are all plotted in the A 2 group (not shown).
It is generally accepted that A-type granites are derived from relatively high temperature magmas. The calculated zircon saturation temperatures [26] for sample DHS16-1 range from 899 to 933°C, with an average of 912°C (Table  1 ). This temperature is higher than typical I-type granites, but is similar to those of typical A-type granites worldwide [24] . Thus, it is clear that the Jinshan granite is most similar to aluminous A-type granites.
Petrogenesis of the Jinshan K-granite
Although controversy still exists in relation to the petrogenesis of A-type granites, it is generally accepted that the occurrence of A-type granite is commonly associated with an extensional environment, either in post-orogenic or anorogenic settings [18] [19] [20] [22] [23] [24] [27] [28] [29] [30] .
It is well known that extensional settings are usually related to elevated heat in the shallow crust, such as mantle upwelling or basal magma diapirism. Wu et al. further noted that the material contribution to granite may be relatively little, although the heat brought up by the rising mantle material likely would be one of the main factors contributing to granite formation [29] .
In fact, one of the characteristics of the Jinshan granite is that it is strongly depleted in Eu and Sr, and rich in Nb and Zr, which indicates that its magma source contained residual plagioclase and hence formed in a low pressure setting. Similarly, if high zircon saturation temperatures are taken into account, a developing tectonic setting characterized by low pressure and high temperature should be bound up with crustal extension resulting from mantle upwelling. Thus, the A-type granite magma not only would have brought a great amount of heat and deeper mantle material into the crust, it also would have led to remelting and reworking of crustal material on a large scale. In addition, it may have been the main style of crustal generation in the Archean before the plate tectonics mechanism came into action [31] .
Eby [18] further subdivided A-type granites into A 1 and A 2 groups. The A 1 group represents differentiation of magmas derived from OIB-like sources and emplaced in an anorogenic setting, such as continental rift or intraplate environments. Conversely, the A 2 group is derived from melting of continental crust or underplated mafic crust and emplaced in post-collisional or post-orogenic environments. Thus, Xue et al. [27] suggested that the A-type granites within plates or continents could indicate the timing and process of lithosphere reduction and asthenosphere upwelling. Yang et al. [32] further suggested that K-granites with low Sr and Ba, and high HREE and Y contents should be derived from partial melting of the shallow juvenile crust.
Furthermore, in this study all samples of the Jinshan granite fall into the within plate fields (Figure 6 ) of the tectonic discrimination diagrams [33] . Therefore, it is inferred that the Jinshan aluminous A-type granite should be the product of within plate extension and crustal remelting due to reduced pressure resulting from the upwelling mantle.
Moreover, it is evident that the REE pattern of the Jinshan granite (Figure 2(b) ) has weak but clearly positive or negative Ce anomalies. According to Schreiber et al. [34] , Ce positive or negative anomalies are only found when crustal material has experienced strong weathering in an oxidizing environment, and such Ce anomalies should remain stable during metamorphism, even through to eclogite facies [35] . Thus, the measured Ce positive or negative anomalies provide another line of evidence to support the hypothesis that sediment originally formed under oxidizing conditions participated in the remelting process during emplacement of the Jinshan granite magma, confirming that it was derived from within plate extension and crustal remelting under reduced pressure.
Archean continental basement beneath the Yangtze craton
Previous studies have confirmed that the Yangtze craton contains widespread Archean basement [2, 3, 6, 7, 12] . However, still unclear are the locations and characteristics of the mature Archean crustal basement of the Yangtze craton. Based on data from Gao et al. [2] and Zhang et al. [7] , we can verify that there is Archean crustal material in the Yangtze craton, but we cannot confirm the existence of a large-scale Archean geological body. To date, it has not been possible to identify the TTG gneiss in the Kongling region, which fingerprints the formation of primary crust in the Yangtze craton during the Archean [36] . As for the strata of the Kongling region, they may only be identified as middle Paleoproterozoic, constrained by the youngest zircon U-Pb concordance age [2] and the age of the Quanqitang granite [4, 8] emplacement, and these ages are similar to that of the Houhe complex [37] of Micang Mountain on the northern margin of the Yangtze Block. Furthermore, these strata and the Quanqitang granite are not associated with Archean geological bodies.
Because granites are the main constituents of the continental crust, and also are the key indices of maturity of crustal evolution [29] , studies on continental evolution are based largely on investigations of granitic rocks. Granitic rocks related to the known stages of crustal evolution are tonalite (T 1 ), trondhjemite (T 2 ), granodiorite (G 1 ) and granite (G 2 ). Generally, it has been considered that Archean granitic rocks are mainly composed of tonalite, trondhjemite, and granodiorite (TTG), which represent the composition of primary continental crust, while the K-granites (mainly G 2 with minor G 1 ), indicating the nature continental crust, had not occurred until the early Paleoproterozoic [36] .
Archean high pressure metamorphic rocks, granulite and gneiss, have been recovered from the Dabie Orogen [38] . To date within the Yangtze craton, the Quanqitang granite and Huashanguan pluton have been recorded as the oldest K-granites [4, 8, 15] , the age of which are middle Paleoproterozoic (ca. 1850 Ma). It is unclear whether the formation of mature continental crust of the Yangtze Block formed later than the North China Block [39] .
Without doubt, the discovery of aluminous A-type granite emplaced in the Yangpo Group is an important breakthrough, because the age of the Jinshan granite (ca. 2655 Ma) is clearly older than the K-granites known from the North China craton at present [39] . Hence, the Yangtze craton may have developed a Neoarchean basement or a mature continental block.
In fact, a stable platform was needed for the inferred tectonic activities to have occurred, including the emplacement of A-type granite, mantle upwelling, within plate extension, and reduced-pressure melting of crustal material. This scenario is consistent with stable sedimentary conditions reflected in the Yangpo Group depositional sequence, and experimental petrology has also confirmed that the parent magma of aluminous A-type granite was most likely derived from dehydro-melting of a felsic crust [40, 41] .
Furthermore, trace element Sm/Nd, Y/La and Y/Nb ratio averages of the Jinshan granite are 0.18, 1.02 and 1.46, respectively (Table 1) , quite different from the ratio averages (0.32, 6.42 and 6.38) of primitive mantle [42] , and very close to the averages (0.17, 0.73 and 0.88) of upper crustal material [43] . In the spider diagram, the Jinshan granite is rich in LILE, and depleted in Nb and Ta (Figure 2(a) ), which indicates that the magma source of the Jinshan granite should certainly have characteristics of the continental crust [44] . Thus, formation of the Jinshan K-granite suggests that a mature continental basement was well developed inside the Yangtze craton in the Neoarchean. This conclusion further verifies the hypothesis of Zhang and Zheng [45] that the crust and lithospheric mantle of the Yangtze Block mainly formed in the Archean.
Conclusions
An integrated study of zircon U-Pb ages and major and trace element analysis of the Jinshan granite in the Huji region reveals that the Yangtze Block has Archean basement, and mature continental crust had developed before the middle Neoarchean, as shown by:
(1) The Jinshan pluton in the Huji region constitutes a highly differentiated, alkaline, weak peraluminous A-type granite, with low Sr and Ba, high HREE and Y; it is rich in LILE, relatively depleted in Nb and Ta, and contains clear Ce positive or negative anomalies, which suggest that the parent magma was derived from the within plate extension and crustal melting from reduced pressure resulting from mantle upwelling.
(2) The SHRIMP zircon U-Pb age of the K-granite pluton emplaced within the Yangpo Group is 2655±9 Ma, which is middle Neoarchean in age, not Paleoproterozoic, as previous studies had inferred.
(3) The characteristic trace elements of the Jinshan granite indicate that its magma source has the clear signature of continental crust.
Although the Yangpo Group and K-granite pluton emplaced within it are only a small fragment of the Archean crystallized basement in the Huji region, they open a new window on the study of the formation and evolution of the Yangtze craton.
